» Complication rates after operative treatment are increased in the elderly
Complication rates after operative treatment are considerably increased in the elderly patient [3, 4] . As a result, nonoperative treatment of olecranon fractures in the elderly has been advocated in recent years by several authors [3, 5, 8, 18] . In low-demand elderly patients in particular, nonoperative therapy may lead to satisfactory results, while active patients may still benefit from surgery. However, conclusive information regarding the clinical outcome of nonoperative management in these patients is lacking thus far. Hence, the aim of the present study was to analyze the clinical results of nonoperative treatment of olecranon fractures in the elderly patient by means of a systematic review of the literature.
Methods

Inclusion criteria
We systematically reviewed the available literature covering the treatment of olecranon fractures in the elderly patient. The systematic review presented here is structured according to the PRISMA guidelines [9, 10] . The PubMed database was searched for randomize controlled studies and observational studies including retrospective and prospective studies. The following keywords were used for the search on 12 May 2018: "olecranon fracture" and in combination "olecranon fracture non-operative, " "olecranon fracture non-surgical, " "olecranon fracture elderly patients, " and "olecranon fracture geriatric patients. ". Titles and abstracts of potentially relevant articles identified by the electronic search were reviewed. We included studies regarding the clinical outcome of conservative treatment in elderly patients of a minimum age of 70 years.
Exclusion criteria
Exclusion criteria were studies presenting patients younger than 70 years. Case reports, review articles, and experimental investigations were not included in the evaluation.
Study selection
To include and exclude studies according to the aforementioned criteria, one reviewer(M.L.)searched the titles and abstracts of all identified publications and, where necessary, the full text of each article along with its references. Discrepancies were resolved by discussion with a second reviewer (M.H.).
Data extraction
Data from the included studies were analyzed by two reviewers (M.L. and M.H.). For primary outcome parameters, the Disability of the Arm, Shoulder and Hand (DASH) score and the Mayo Elbow Performance Index (MEPI) were used. Secondary outcome parameters were complications, pain (according to the visual analogue scale [VAS]), range of motion (ROM), and any other scoring system (Broberg and Morrey, Oxford). The risk of bias in the included studies was analyzed using the Cochrane Risk of Bias Tool [7] .
Statistical analysis
Statistical analysis was performed using Microsoft Excel for all published cases of nonoperatively treated olecranon fractures for primary and secondary outcome parameters as mentioned earlier, and mean scores were extracted when case data were published.
Results
An outline of the literature research is provided in . Fig. 1 . Table 1 ).
Gallucci et al. presented a retrospective case series in 2014 with a cohort of 28 patients after nonoperative treatment of olecranon fracture. Conservative therapy was conducted with immobilization of the elbow in 90°flexion for a mean of 5 days. The mean age of the patients was 82 years (range: 71-91). The mean follow-up was 16 months (range: 12-26). At the latest follow-up, the mean MEPI score was 95 (range: 85-100) and the mean DASH score was 15.4 (range: 0-43).
Regarding secondaryoutcome parameters, 25 patients showed good results and three patients showed fair results according to the Parker score. The mean pain level according to the VAS was 1 (range: 0-8). The mean ROM was assessed for 26 patients with a mean flexion of 140°( range: 120-150°) and a mean extension lag of 15°(range: 0-30°). The extension strength was decreased in 35% of all patients. Complications were local pain in five of 28 patients (28%), pain during movement of the elbow in two of 28 patients (7.1%), and five other patients mentioned a click when moving the elbow (18.8%). Fibrous nonunion was detected in 85% of all cases, which is slightly more than the findings of Veras del Monte et al., who reported a nonunion rate of around 70% [5] .
In 2017, Duckworth et al. presented the first and only RCT regarding the conservative treatment of olecranon fractures in elderly patients with a minimum age of 75 years. The patients were randomized to nonoperative (n = 8) or operative (n = 11; TBW n = 9, nonlocking plate n = 2) treatment; the mean age of all patients was 83 years (range: 75-92). Follow-up was conducted at 6 weeks as well as at 3, 6, and 13 months.
The mean DASH score was 23 (range: 0-59) in the nonoperative and 22 (range: 2.5-57.8) in the operative group (p = 0.763). The mean MEPI score was 95 in both cohorts (p = 0.906). The mean Broberg and Morrey score was 88 (range: 66-100) for the conservative group and 94 (range: 80-100) for the operative group (p = 0.285). Operatively treated patients had a significantly better mean arc of flexion (129°vs. 106°; p = 0.049). However, the operative cohort had significantly higher complication rates (81.8% vs. 14.3%; p = 0.013), with most patients having loss of reduction (54.5%) or symptomatic hardware that needed removal (27.3%). Only one patient in the conservative group developed a complication and had to be operatively revised owing to a concomitant radial head fracture and subsequent infection. The trial was stopped prematurely after the recruitment of 19 patients because of the high complication rate in the operative treatment cohort [3] .
The most recent case series by Marot et al. was published in 2018. They prospectively analyzed 22 patients with a minimum age of 75 years and a followup of 6 months. The mean MEPI score was 95.3 and the mean DASH score [8] .
» Operative treatment may be still preferred for the active elderly patient Summarizing all reported cases of nonoperatively treated olecranon fractures, a mean MEPI score of 95.1 and a mean DASH score of 12.3 is described for 58 patients with a mean age of 83.9 years. Regarding ROM, a mean flexion of 133°( range: 106-140°) was achieved. The mean extension lag was 15°(range: 0-30°). Mean pain levels according the VAS were 1 (range: 0-8). In total, 80.8% of patients developed fibrous nonunion of their olecranon fractures. Other complications of nonoperative treatment were local pain (n = 8) and pain during movement (n = 2) and clicking when moving the elbow (n = 5). One patient presented with radial head subluxation that needed subsequent operative treatment and revision because of infection of the elbow. Owing to short follow-up periods, conclusive information regarding the rate of posttraumatic osteoarthritis is lacking.
Discussion
Open reduction and internal fixation represents the gold standard of treatment for olecranon fractures in adults. In the lowdemand elderly patient, however, nonoperative treatment leads to a satisfactory clinical outcome in most cases when considering outcome scores, pain levels, ROM, and complication rates. While nonunion is a common sequela of nonoperative treatment, it does not seem to impair low-demand patients in activities of daily living according to the available literature. Given the significantly lower complication rates when compared with operative treatment as described by Duckworthet al., nonoperative treatment of olecranon fractures should be strongly considered in these patients [3] . On the other hand, operative treatment seems to be more reliable in restoring ROM and extension strength, and may thus still be preferred over conservative therapy in the active elderly patient. The fact that fracture morphology was not taken into account by any of the included studies has to be considered a noteworthy confounding factor. Small proximal avulsion fractures, which are commonly seen in elderly patients with reduced quality of bone, are difficult to address by either TBW or plate fixation and may explain the high rate of secondary displacement following ORIF in the RCT published by Duckworth et al. [3] . Especially in these patients, conservative treatment may be propagated in the future. When more solid fracture fragments are present, ORIF might still be indicated to reduce the risk of impaired function. Moreover, ORIF was performed without using modern locking plate systems and without additional tricep augmentation, which may lead to fewer perioperative complications. Furthermore, no difference was made regarding the pretrauma activity levels of elderly patients. Therefore, a definitive conclusion should not be made for elderly active patients when confronted with olecranon fractures and the indication for surgery should still be an individual decision. The limited number of studies found by this systematic review presents another limitation of this work. Further limitations of the present study should also be mentioned. Most observational studies were retrospective with a high risk of selection bias. With the premature termination of the RCT, comparability of the cohorts is lacking. Furthermore, the operative group was predominantly treated with TBW. Therefore, no relevant conclusions can be drawn when comparing conservative treatment with plate fixation. Finally, owing toa rathershortmean follow-up of only 10.7 months, the longterm outcome of nonoperative treatment could not be assessed.
Regardingtheresultsofthissystematic review, additional research with randomized controlled multicenter trials involving larger sample sizes and longer followup are necessary. In 2015, Symes et al. announced their clinical trial of surgery for olecranon fractures in elderly patients (SOFIE; [16] ). The trial is focused on patients with a minimum age of 75 years and will analyze the DASH scores with a follow-up of 12 months. Hopefully, this trial will further elucidate the role of nonoperative treatment of olecranon fractures in elderly patients.
In summary, the available literature reports satisfactory clinical results of nonoperative treatment of olecranon fractures in the low-demand elderly patient.
While certain limitations apply, nonoperative treatment has to be considered when dealing with these patients. Further research is necessary, however, to elucidate which fracture patterns benefit the most from nonoperative management.
Practical conclusion
4 Olecranon fractures are a common elbow injury in elderly patients. 4 Complications of operative treatment in elderly patients should be considered. 4 The indication for operative or conservative treatment should be an individual decision based on a variety of factors. 4 Nonoperative treatment of olecranon fractures in elderly patients can achieve good clinical outcome.
